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Abstract
: During this resceach, some chemical modifications have been done on
-+ poly[styrene-butadiene] rubber. Obviously, chemical modified polymers have new -
different chemical and physical properties with expected new applications.
- The first chemical modification done are introduce of (-NO,) group into
poly[styrene-butadienc], then reduction of this group to (-N1y) using $/Na»S.xH,0 to -
~obtain poly[(p-aminostyrene)-butadiene]. When primary amine group allowed to react -
with anhydrous phthalic acid we obtained the polymer which contain amic acids, then
last - polymer was dehydrated using strong dehydrating agents, N,N-
dicyclohexylearbodimide (DCCY, and  trifloroacetic anhydride-tricthylamine, we
obtained polymer contain pending isoimide, then the isomerization using heat and
acid or base, but we found that the polymer was resist to rearrange to corresponding
imide, and when the amic acid polymer was allowed to react with a mixture of sodium
acetate — acetic anhydride we obtained imide with good yield. Structures of all
prepared polymers were confirmed by the measurement of softing points, viscosity,
solubility in different solvents, FTIR, UV, H-NMR spectroscopy, thermalstability
study using thermogravimetry analysis technique TGA, and some spectfic tests.

Introduction
Although the poly[styrene-
butadiene] elastomer was originally
manufactured during the war years as a
rather  mediocre  replacement  for
natural rubber, which was unavailable.
A major reason for their populatory is
cost.  Quality, however is also
important since present day, styrene-
butadiene ‘rubbers (SBR) also have
better abration characterstics and better
cut-growth resistance than natural
rubber. With their lower unsaturation
SBR, also have a better heat resistance
and better heat-agine qualitys, SBR
extrution and smoother and maintain
thetr form better than natural rubber
dosel'!,
Although of the high used of
SBR, however the addition of imide or
1soimide group increase the

employment of the polymer in other
fields.

Polyimides are a  very
interesting group of incredibly strong
astoundingly  heat  and  chemical
resistant, and excellent mechanical
properties. During the past two decades
the demand for polymers suitable for
use as high as 371°C and or able to
withstand high temperature as long as
60.000 hours has a demand particulary
in the aerospace industry!??/.

Polyisoimides are important
industrial polymers because of their
improved  solubility and curing
properties. Polyisoimide are also of
fundamental importance because they
are multifunctional group polymers in
which two type of chemical reactions,
an isoimid-imide, isomerization and
cross linking reaction occur in one-
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system. Thus with increased cure time
both reactions cause the system to
became more rigid!.

For this reasons mentioned
earlier we report the synthesis of new
polymers contains pendant imides, and
isoimides for the first time.
Experimental
Nitration of poly[styrene-Co-
butadiene] Rubber!™

In a 500 mi three necked round
bottom flask fitted with a dropping
funnel and reflux condenser protected
with calcium chloride tube, 24 ml of
fuming nitric acid were placed, then 30
ml of glacial acetic acid were added in
portions with shaking. The mixture
was kept cool during addition by
immersing the flask in cold water. The
funnel was loaded with a solution of 3
gm  poly[styrene-butadiene] Rubber
dissolved in 60 ml of chloroform. The
flask was surrounded with ice and
cooled before addition of
poly[styrene-butadiene] solution. The
addition was performed dropwise with
stirring. The mixture was refluxed for
three hours at (50-60)°C and added
gradually to excess cold water with
stirring. The precipitated polymer was
filtered and purified by dissolving in
dioxane and reprecipitated in cold
wadter,

Physical properties of the dry
product poly[p-nitrostyrene-butadiene]
are listed in tables (I-V). FTIR
spectrum showed the following major
absorption :
3080cm™ o olefinic: 3060 cm™ Ve
H aromatic; 2956 cm"vc.H alkane; 1630
cm’ ve=c olefinic: 1556 cm™ v
asym; 1346 cm™ v sym; 856 cm™
ve.n aromatic and para substituted.
Preparation of poly[p-
(aminostyrenc)-butadicne]

In a 250 ml two-necked round
bottom flask fitted with adropping
funnel and a reflux condenser, 1.6 gm
of Beta-sulfur and 4 gm of anhydrous
sodium sulfide were dissolved in 30 ml

(6]
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dioxane. The mixture was heated on a
hot plate for (15-20) min. with
occasional stirring. The funnel was
loaded with a solution of 4 gm poly[p-
nitrostyrene-butadiene] dissolved in
60ml of dioxane. The latter solution
was added dropwise with stirring, The
mixture was refluxed for additional
three hours resulting in a clear deep
orange solution. The mixture was left
for five hours, a deep red solution
contains a yellow precipitate formed,
the precipitate was filtered on Buchner
funnel added gradually to 500 ml cold
distilled water and netralized with 25%
sodium  hydroxide, which caused
precipitation of the polymer. The
separated polymer was filtered, washed
with distilled water purified by carbon
disulfide and dried at 50°C. The
physical properties of the product
poly|[p-aminostyrene-butadiene] are
listed in table (I-V). FTIR spectrum are
showed  the  following  major
absorptions:
(3423-3286)cm™ vy 5 3075em” vey
aromatic ; 3062 cm’ ve.y olefinic;
2927 em™ vey alkane : 1628 cm”! Veo=e
olefinic, 873 em™ v out of the plane
aromatic para substituted. -
Preparation of poly [N~(p-styrene-
butadiene) phthalamic acid]!”!

In a 250 ml round bottom flask
1.48 gm (0.0lmole) of phthalic
anhydride was dissolved in 20 ml of
dry benzene to this solution was added
a solution of (0.01mole) of poly[p-
aminostyrene-butadiene] in 50 ml of
dry benzene. The resulting mixture was
stired  at  (50-60) °Cwcfore,6 hrs,
petroleum ether was added to produced
precipitate, and washed in acetone for
purification. The physical properties of
the product poly[N-(p-styrene-
butadiene) phthalamic acid] are listed
in tables (I-V). FTIR spectrum showed
the following maéor absorption:
(3400-2750)cm™  broad vy and
, v=c.nq olefinic; 1726em™ veeg  of
: 1705em’™ ve=o amide; 1638 em™ veme
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olefinic: 875cm™ out of the plane
aromatic para substituted.

Preparation of poly[p-
(phthalisoimidyl) styrene-butadicne|
rubber

Two literature procedures were used
here with few modifications®™ %
Trifluoroacetic Anhydride (TFAA)
and Tricthylamine (TEA).

Mixture of (0.02mole) of poly[N-
(p-styrene-butadiene) phathalamic
acid], (0.02 mole) of (TEA) in 50 ml
DMSO or DMF was refluxed for 25

. min. and then cooled with an ice-salt

bath to -5°C, while {TFAA) was added
dropwise with stirring for 1 hr. The
reaction mixture was left at room
temperature  for over night, then
triethylamine  hydrochloride  was
filtered. When the filtrate was added to
ice distilled water, a precipitate was
formed which then filtered off, and
purified by dissolving in dilute sodium

bicarbonate solution, and poly[p-
(phthalisoimidyl)  slyrene-butadiene]
was collected as white vellow
precipitate.

N,N'-dicyclohexylcarbodiimide
(DCC)

In a round bottom flask (0.02
mole)} of the previously prepared
poly[N-(p-styrene-butadiene)
phthalamic acid], was dissolved in 50
ml of DMSO or DMF. To this solution
was added a solution of (0.02 mole)
DCC dissolved in 20 ml of DMSO or
DMF at at 0°C using an ice bath, The
addition was continued for a period of
2 hrs with stirring, the reaction was
stired for over night at room
temperature and the precipitated N,N'-
dicyclohexyl urea (DCU) was filtered
off. The solution was left for 8 hrs to
give further precipitate of (DCU), then
filtered off again. The solution was
evaporated under reduced, pressure
and a white precipitate of poly[p-
(phthalisoimidyl)styrene-butadiene]
was separated out. The product was
washed with dilute sodium bicarbonate
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extracted with THF and reprecipitated
with petroleum ether b.p (30-40)°C.
The white precipitate filtered and dried
under vacume. Physical propertics of
the precipitates poly(p-
(phthalisoimidyl)styrene-butadiene]

are listed in tables (I-V). FTIR
spectrum showed the following major
absorptions:

(3099-3059) em™ vy aromatic and
v=c.y olefinic; 2955 em™ vey; alkane;
1733 em™ v lacton; 1642 em™ ViuN |
1622 em™ ve=c olefinic.

Preparation of poly[p-
(phlh:llimidyI]styrl:nu-bul:ldiunu|m

In a round bottom flask (0.02

mole) of poly[N-(p-styrene-butadiene)
phthalamic acid] was dissolved in 30
ml of dry DMSO or DMF. To this
solution was added a mixture of one
equivalent of anhydrous sodium
acetate and excess acetic anhydride
from a dropping [unnel dropwise
during 35 min with stirring. Stirring
was continued for 3 hrs. Then the
mixture was added tw a beaker
containing ice water and a precipitate
was formed which the filtered and
purified by dissolving in dilute sodium
bicarbonate solution, Physical
properties  of the newly prepared
poly[p-(phthalimidyl)styrene-
butadiene] are listed in tables (I-V).
FTIR spectrum showed the following
major absorptions:

(3090-3054) em’”’ ve.y aromatic and
vec-y olefinic : 2953 em™ vear alkane
1780 em™ vewo asym-imide (shoulder);
1692 em’” Ve=p Sym-imide; 1623 em’”!
vesc olefinic ; 1392 cm™ VELN-
Isomeriztion of poly|p-
(phthalisoimidyl) styrene-butadicne]
rubber

A-Thermally according to literature

method''"",
B- Using sodium acetate — heating!®).
C- Hydrolysis in acid medium''"!,
The stability of the compound

poly[p-(phthalisoimidyl)styrene-
butadiene] it was found that it was
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resistant  to  isomerization  thus.
softening point and FTIR spectra of
product was unchanged.
Results and Discussion

Ploy[p-(nitrostyrene)-
butadiene] was prepared using fumed
nitric and glacial acetic acid as a
catalyst, according to the following
equation™’,

The reaction must be carried
out in dry condition and low
temperature because the rate limiting
step contain a water molecule as a by
product and oxidizing action of nitric
acid. Also using glacial acetic acid
instead of concentrated sulfuric acid in
order to preserve the double bond''?,

FTIR spectra of this polymer
showed the presence of v asym at
1556 cm™ ;v sym at 1346 cm™
and the ve-c olefins at 1630 ecm™, also
the presence of nitrogen of ~NQ; group

which was introduced on the polymer
was confirmed by using sodium fusion
test.

Reduction of ~NO; group in
poly[p-(nitrostyrene-butadiene] Was
not successiul by using Fe/HCl or with
other metals such as Zinc or Tin.
However the use of anhydrous sodium
bisulfide which is considered as a
selective reducer in the presence of
sulfur in dioxane solvent!®),

FTIR spectrum of the poly[p-

(aminostyrene)-butadiene] showed
amino group intense doublet band at
(3423-3286) cm™ and disappearance of
the absorption of nitro group.
Polymer with pending phthalamic acid
was prepared according to the
literature”.  The equation of the
reaction is as follow:

<P':H ICH'L‘H :CH=CH{H ) J n ——

]  HNOyCH,CI0H
— CH ,CH-CH ;CH=CH-CH ,—1—

(S0-003"C

NO 4
-[—CH:. H-CH ,CH=CH-CH 3—]_n Nu;:ﬁ'.xllgq - +C|IECII-GH yCH=CH-CH f*]j
Siloxan *
NO , NH,
g
C +CH, H-CH ,CH=CH-CH 3-—)—
. - = = . - \\ 1y hemsene ¢
‘[_[Il; H-CH (2 CH=CH-CL 1_-}T o C(c/ [l
t"' e
HO —C
i
0
FTIR speetrum ol amic acid polymer obtained isoimide as a product due to
show broad band for NH. v at with drawing a water molecule. It was
(3400-2750) e’ overlapping with OH found that the dehydration using DCC
vacc'{}“v;; s ! was better than the used of TFAA-Et;N
heln the amic acid polymer as it was show from the yield and
was react with DCC or TFAA-Et;N we i
purity.
659
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IFI'IR spectrumy shown of the
prepared isomide polymer showed
absorption of ~C=N at 1642 cm’™;
isoimide carbonyl (Lacton) at 1733cm
' And absence of OH and NH
absorption.

It was found that the prepared
isoimide polymer resist isomerization
by heat, light or using acidic or basic

[ I i
L-\l

-{—t-n : CH-CH

/,r jﬂj
w |
h“'\‘ . o -

+ CHRCH-CT

atructures ol

polymers were

all  prepared
confirmed by the
measurement  of  softening  point,
intrinsic viscosity Mintd, and
Yoconversion as it shown in table (I).
solubility in different solvents as
shown in table (II), UV and H-NMR
spectroscopy as it shown in tables (III-
IV), and thermal stability study using
thermogravimetry analysis technique
TGA, and parameters  wer
calculated from the thermogram curves

severl

A E AL

solution, FTIR of
phthalimide polymer show asym imide
(Shoulder) carbonyl absorption at 1780
em” and sym-imide (Sharp) at 1692

speclrum

cm’, disappearance of -OH
(carboxylic) and NH absorption.
Scheme 1 shows the performed

reactions and transformation. isoimide-

v i

imide.

-[-—l'l' » CTRATH sACHE-Enn

schem e 1
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such activation cnargy  [or  the
decomposition the temperatures in
which 10% and 50% of polymers are
dr:cnn'lpﬂsedmi. Table (V) show this
parameters.

It is  well known that
polyimides are stable and resist to heat
and pressure, since they loss only 4.2%
from their weight when they are heated
to 440°C, furthermore they have high
aclivation energy.

fL b
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Table (2} Solubilitics of the prepared polymers

H o 7 o ——
¥ e £ rr':'_._r wighi ._.=_.'."_- '|"‘:- e 3 '; H ; LT
i) "ml 7 [ lin:.r,m 5 f'Dcll. CHOh | oy | o oMs |-pE
e o al - u M| E el F F o - 88
e r Toluewe || g o o0,
Poly{(p-ritrostyrere)-bussdiene] F;_f PSH In 5 Im In [ I 5 5 In
Pade [ p=amimnscyrene )-briadiene | In tn 5 I '||I5 T;‘; PSH II".IS 5 P3 In
Pl [N-(p-seyTone-Sulaiene jahha: seic seid] In la PEel In = 1;5 U I 5 In
Ful{P-(phibalissimady]) sgyrene-baiadicne] I I In In In la In I rs 5 In
Paby{ P-{phehaliscimicyl) sivicee-butadiens] In I I In I In [ [[H 5 S Ia

Abbreviition: - (Shsotuble, In=insaluble, PS=Purial soduble. PSH=Partial soluble g
O diehloromet e, 15 L=dichloroethame, PES=peirolewn eler spinil,

Table (3) Ultra violet spectra of the puly[sty ene- hutadmne]derwa[wes

 EiKCalimple:
Puly[styrene-butadienz)
Poly{{p-nitrostyrens Fbutadiene | 1 800 102 48
Poly[{p-aminostyrene)-butadienc | 1.238 100.70 310.0 1.222 9225
Poly[M{p-styrenchutadicne jphthal amicacid | 0.85§ 10142
Paly [Pi{phiialisoimidyl)styrene-butadiene] 0817 103.62 i
Poly[Pphiialimidyljstyrene-butadienc| 0.491 105.93
I 2 1 d 5 _1
~CHy = CH=— L H,~ L.II—-..,J""'I:,HE
R
Table (4) H-NMR{P P.M.), of the poly[styrene- butad:ene] Rubber derivatives
o R 7 Si I R i '-" il B 1
5 i {:H!—J'l.tH-""'GHz-'*'CH v:n-tf—-::t-l, Cmd il
P“'Ig”""“"’“”":" .82 148 130 %43 5.4 125 14533 | .
————] (4.1 i, 1H) L2H} Wy | (miH) WaHy | (mman) e
Polyl (p-smincstyrene)- 1.62 148 130 5.45 5.4 194 6574 37
A— fa.2in) i | o2 | wan i | @1 | eman | s2n -NH,
‘ ¢
s’ s g e 162 16 1 S48 | sas 10 6898 | p1rm T
eyl sty reme- butadinms] T {e.IH} {e.aH} {1413 {m, LM ] [m 4y {41} rl = :,D
| #]
EI)
M
.
: ' o=¢ c=0
Pa(p-phét:afim- 14 281 230 543 5.40 0 | es7s | gan)
W) Syrone)-duutadigne] (4218 Ip 1) T T by b M) T ab1} tm 411} VAR

Table (5) Data obtained from TG and DTG of the poly[styrenc-butaiene]
derivative.
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S it Samp | 10%wt a:-*![:?‘f-wl._-_-ﬁ'ﬁxl'_%- | Peak2 | Peana |rAstivatio J07 o
el o e’ - % Toss~" | loss . [ 1 il bl :
T [T T Tt S ol SR o (Aot B 2ol Temp Temp- |  Temp-: trs.—.r.-w_w i 3548
e e o et oL oW Temp T S Temps § ST i feee R e T Range C i
o soe et RGN IRl v s R e
e s —
40
Poly[styrene-butadicne] 30 376 481 1 6%t 12.826 3120-402
loss
) : # 200 0.7 529
oty [p-altivstymme)- 234 155 | 2% | 4w | 82 | edde 256-300
Rt u wi loss loss wi 1oss
- e 134 378.7 688
Ll.';-:ﬂjﬂ|':-:1_nmm:.:yr¢nc5- I.;:.:I 158 700 5 79 v 18.6% 27 846 SA8-612
. i ! weloss loss wi loss
. 82.2 3E1 463
TH={1- "
POy[M-Ap-styronc-buladienc) | 2947 | 355 | a0 | a3s | 150% | 244% | 8399 336-480
phihalamic acid | 33 . ol losx wtioss 1 wi'loss
Poly 2 765 | 40.8 RN 5129
[ Mphthaliseimidylstyrenes frig o ==700 24% B i% 15.3%
buladiene| ) wilopss | wiloss | wiloss
Poly[P(phthalimidylstyrenc | 2765 | coo | o000 | 5163 ?é,f f;‘;;;
it ieng) d wi loss wi loss wi loss
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